Purpose: Suicide is the leading cause of death among Korean adolescents. This study investigates the crosssectional relations of physical activity with suicidal ideation and attempts in adolescents, simultaneously considering previously reported risk factors of suicide such as depression, stress, and body image. Methods: This study used the 2007 Korea Youth Risk Behavior Web-based Survey (KYRBWS). Four hundred middle schools and 400 high schools in Korea were monitored, and 74,698 students completed the questionnaire. Logistic regression analysis was conducted to investigate the relationship between physical activity and suicidal ideation and attempts, progressively adjusting for body image, depression and stress. Results: After controlling for body image, stress, and depression, the significant relationship between physical activity and suicidal ideation disappeared, and the only remaining relationship was a positive relationship between frequent vigorous physical activity and suicide attempts. No sex differences were found after adjusting for all the variables. Conclusion: Unlike the general expectation that physical activity protects adolescents from suicidal behaviors, the results from this study suggest that physical activity does not have protective effect. Korean adolescents who perform frequent vigorous physical activities are more likely to attempt suicide.
According to the Ministry of Health and Welfare (MHW), Korea not only had the greatest number of suicides among the Organization for Economic Cooperation and Development (OECD) countries, but also had a 2 times higher suicide rate than the average suicide rate among OECD countries in 2007. 1 It has also been reported that the suicide rate in Korea has doubled over the last 10 years and is increasing at the fastest rate among OECD countries. 2 Furthermore, suicide is currently the fourth leading cause of death in Korea. 2 This problem is especially serious among adolescents. Although the number of Korean adolescents has decreased since 2000, the suicide rate of this population has steadily increased, and suicide is now the leading cause of death for this age group. 2 Suicidal behaviors of the adolescent population may influence the whole society, because they will be the actors of future society. Therefore, it is important to investigate the nature of this problem.
Many studies have provided possibilities for the advantageous effects of physical activity on suicide behaviors among adolescents. Engaging in physical activity has been shown to promote mental health by enhancing emotional health, 3 promoting improved cognitive functioning, 4 and reducing symptoms in mild to moderate depression. 5, 6 Studies also demonstrated that there is a strong link between poor mental health and suicide behaviors. 7, 8 Therefore it is possible that physical activity is a protective factor against suicide behaviors. Studies have also demonstrated that biological mechanisms may play a role in the relationship between physical activity and suicide behaviors. These studies have suggested that a serotonin deficiency may influence suicide behaviors 9, 10 and physical activity may increase brain serotonin. 4, 11 Although many studies have provided possible links between physical activity and suicide behaviors, few studies have investigated this relationship, and the results of these studies are inconsistent. Simon et al 12 compared the physical activity habits of those attempted suicide to those who had never attempted suicide, and found that those who had attempted suicide were far less likely to have performed physical activity in the last month. Brosnahan et al 13 showed that adolescents' attendance in physical education classes was negatively associated with their feelings of sadness, and they also found that greater amounts of physical activity, participating in more vigorous physical activity, more strength and toning activity, and higher levels of total physical activity per week were negatively related to suicide behaviors. Thus, physical activity may be a good strategy in the promotion of mental health and the prevention of suicide behaviors in adolescents according to these 2 studies.
In contrast, other studies have shown that higher levels of physical activity may increase the risk for suicide behaviors and depression in certain populations. For example, Unger 14 found that physical activity in boys was significantly correlated with low levels of suicide behaviors, but in girls, physical activity was significantly associated with higher levels of suicide behaviors. The author suggests that this may be due to the fact that if young women perceive themselves to be overweight, they are more likely to exercise to lose weight, and this poor body image may contribute to depression, low selfesteem, and suicide behaviors. The role of poor body image in adolescent girls is supported by evidence indicating that vigorous physical activity increased feeling of hopelessness in adolescent girls. 15 However, Brown and Blanton 16 showed that perception of weight did not fully account for a positive relationship between physical activity and suicide behaviors in female college students.
Still other studies have found no relationship between physical activity and suicide behaviors. In a study of high school students, Brown et al 17 found a significant inverse association between exercise and suicidal ideation or attempts in girls. However, controlling for depressive symptoms weakened or negated the significance of this association. They mentioned that depression may play a mediating role in this relationship. A longitudinal study conducted by Paffenbarger et al 18 followed subjects for 25 years and found that the diagnosis of depression was lower among subjects who were physically active during college. However, actual suicide rates were not significantly related to physical activity, suggesting that its preventative effect against suicide may be short term or that physical activity habits change over time.
Likewise, although a number of previous studies provide support for a relationship between physical activity and suicide behaviors, the nature of this relationship is still uncertain. Therefore, the current study investigates the influence of physical activity on suicide behaviors in 4 ways in an attempt to clarify inconsistencies among previously reported findings. First, as many studies use a relatively small sample size, this study utilizes a large sample data set. Second, the analysis of this sample set considers body image, stress, and depression as confounding or mediating variables. Although previous studies emphasized the importance of considering these variables in this field of study, 14, 15, 17 no study has specifically investigated the effects of these variables simultaneously. Third, physical activity is distinguished by level of intensity because the determinants and effects of vigorous versus moderate physical activity can be an important factor during analysis of behavior. 19, 20 Fourth, this study is the first study to use a Korean population in this field of study. All other studies were conducted using samples comprised of North and South American populations, and as a result, this study may be better able to identify variables or processes unique to an Asian population. Based on overall findings of previous literature and general belief, it is hypothesized that Korean adolescents in middle school and high school who do not engage in moderate or vigorous physical activity will be at a greater risk for suicide behaviors than those students who do engage in higher levels of physical activity. This suggests that the performance of physical activity may have a protective effect on mental health.
Methods

Data
This cross-sectional study used an anonymous, selfadministered online survey, the 2007 Korea Youth Risk Behavior Web-based Survey (KYRBWS), which is officially approved by the Statistics Korea (Certificate Number: 11758). The data were gathered through collaboration of the Korea Centers for Disease Control and Prevention (KCDC), the MHWFA, and the Ministry of Education, Science and Technology (MEST). The primary aims of the 2007 KYRBWS include an appraisal of the present attitudes toward health behaviors in Korean adolescents, an evaluation of factors related to health behaviors, and the production of an index to assist in the planning and implementation of health promotion projects geared toward Korean adolescents. In addition, this survey allows for the comparison of Korean health behaviors with those in other countries. Thirteen categories of health behaviors were monitored in 400 middle schools and 400 high schools selected using a stratified multistage cluster sampling method in 16 cities and provinces across Korea. From the selected schools, 74,698 students completed the questionnaire (response rate: 94.8%); all responses were included in the data analysis. Additional information provided by these surveys can be found in official reports 21 and articles. 22 
Variables
Suicide Behaviors. Suicidal ideation was defined as having seriously thought about attempting suicide at least once in the previous 12 months. Attempted suicide was defined as at least 1 attempt at suicide in the previous 12 months. A large percentage of subjects (suicide ideation: 23.81%; suicide attempt: 5.97%) were included in each of these groups, so the variables were not collapsed into a single variable during analysis.
Physical Activity. In keeping with the guidelines of American College of Sports Medicine (ACSM), 23 the following 2 questions were used to assess moderate and vigorous physical activity among Korean adolescents. To assess moderate physical activity, participants were asked for the number of days they participated in physical activity for at least 30 minutes that did not make them breathe hard or sweat, such as brisk walking, slow swimming, or noncompetitive volley ball in the past 7 days. Participants were also asked for the number of days they participated in vigorous physical activity for at least 20 minutes that made them sweat or breathe hard, such as soccer, basketball, running, fast bicycling, swimming laps, or similar aerobic activities in the past 7 days. Moderate physical activity was categorized into 3 main groups: a 'no' group (0 days per week), an 'insufficient' group (1-4 days per week), and a 'regular' group (5 or more days per week). Vigorous physical activity was categorized into 4 groups: a 'no' group (0 days per week), an 'insufficient' group (1-2 days per week), a 'regular' group (3-4 days per week), and a 'frequent' group (5 or more days per week). We distinguished between moderate and vigorous physical activity, because the determinants and effects of vigorous versus moderate physical activity can be an important factor during analysis of behavior. 19, 20 The 'regular' and 'frequent" activity groups were differentiated because some studies have suggested that excessive vigorous physical activity may contribute to suicide among adolescents. 15, 17 Moderate and vigorous physical activity were self-reported, a method which has been identified as acceptable. 24, 25 Previously Reported Risk Factors. Stress, depression, and body image were included in the analysis to identify the effect of these variables on the relationship between physical activity and suicide behaviors. Students were categorized into 5 groups based on the self-reported level of stress in their everyday lives: not at all, very little, moderately, somewhat, and very much. Students also indicated with a "yes" or "no" response whether feelings of sadness or hopelessness had interrupted their lives for more than 2 weeks in the past year. Kim et al 22 found that body image was a significant risk factor in suicidal ideation among Korean adolescents. Thus, participants also were grouped based on their perceptions of their body shape compared with the body shape of their friends: thin, somewhat thin, average, overweight, and obese.
Sociodemographic Variables. Students were grouped according to sex, grade (7th, 8th, 9th, 10th, 11th, and 12th), type of school (boys', girls', and coed), area where school is located (rural, midsized city, and metropolis), economic status of family (low, low middle, middle, high middle, and high), presence of parents (no parents, father only, mother only, and both), type of residence (orphanage, with relatives, with family, and alone or with friends), and grade point (low, moderately low, average, moderately high, and high grades). Grade point may be an important variable, as the educational system in Korea encourages fierce competition among students for university entrance, and some students may commit suicide due to the great strain involved in this type of competition. 26 Health Variables. Health-related variables such as perceived health status (very poor, poor, average, good, and very good), smoking experience (yes and no), alcohol use (yes and no), drug use (current user, previous user, and nonuser), and chronic disease (yes and no) were also included in the analysis because previous studies have shown that these variables are significantly correlated with suicide behaviors. [27] [28] [29] 
Data Analysis
Suicide ideation and suicide attempts were analyzed separately by sex. A chi-square analysis was used to assess differences in general characteristics, stress, depression, body image, and physical activity between students with and without a history of suicide behaviors. The relationship between suicide behaviors and physical activity was analyzed using a logistic regression. In Model 1, sociodemographic characteristics, health-related variables, and moderate-to vigorous-intensity physical activity were included as independent variables. In Model 2, body image was added as an independent variable. In Model 3, stress and depression were added as independent variables to test the effect of these factors on the relationship between physical activity and suicide behaviors. We also tested for any significant interactions between physical activity and body image, stress, and depression. SAS ver. 9.1 (SAS Institute, Inc., Cary, NC, USA) was used to perform statistical analyses.
Results
Descriptive Analysis
Among adolescent males, 19.2% had seriously thought about attempting suicide, and 4.46% had attempted suicide at least once during the previous 12 months (Table 1) . Among males, 13.31% had engaged in regular moderate physical activity, and 40.64% had performed regular or frequent vigorous physical activity. Both the suicide ideation rate (28.96%) and suicide attempt rate (7.66%) were higher in girls compared with those in boys. The amount of both regular moderate physical activity (5.28%) and regular or frequent vigorous physical activity (16.28%) was lower in girls than in boys.
The percentages of suicide ideation and suicide attempts according to body image, physical activity, stress, depression, and general characteristics of participants are also listed in Table 1 . Chi-square analysis revealed that suicide ideation among boys significantly differed by moderate physical activity, body image, depression, stress, school grade, economic status, grade point, presence of parents, type of residence, health status, smoking experience, alcohol experience, drug use, and chronic disease. Vigorous physical activity was not significantly associated with suicide ideation in boys. Among girls, significant differences were found for suicide ideation by moderate physical activity, vigorous physical activity, body image, depression, stress, school type, economic status, grade point, presence of parent, type of residence, health status, smoking experience, alcohol experience, drug use, and chronic disease. Suicide attempts among boys significantly differed by all variables except for school grade. In girls, significant differences were found for suicide attempts by all variables except location of school. Of interest is that frequency of physical activity, regardless of intensity, is associated with an elevated probability of suicide behaviors in both boys and girls. 
Multivariate Analysis
Logistic regression models of suicide ideation among Korean adolescents are shown in Table 2 . In Model 1, boys who performed regular moderate physical activity were at significantly greater risk of suicide ideation compared with boys who performed no moderate physical activity. Controlling for body image (Model 2) did not result in any differences in this relationship. However, in Model 3, the significant relationship between regular moderate physical activity and suicide ideation disappeared after adjusting for depression and stress. In Model 1, girls who performed insufficient, regular, or frequent vigorous physical activity were at significantly greater risk of suicide ideation compared with girls who perform no vigorous physical activity. Similar to the case for boys, adjusting for body image did not result in substantial differences in this relationship (Model 2), and controlling for stress and depression negated the effect (Model 3). No significant interactions were found between physical activity and body image, stress, or depression (results not shown).
The logistic regression models of suicide attempts among these Korean adolescents are shown in Table 3 . Similar to results concerning suicide ideation, boys who performed frequent vigorous physical activity were more likely to attempt suicide than boys who performed no vigorous physical activity (Model 1), although this association was not significant. However, after adjusting for body image, a significant relationship emerged (Model 2). In Model 3, this relationship remained significant after adjusting for depression and stress. Girls who performed insufficient, regular, or frequent vigorous physical activity were at significantly greater risk for suicide attempts compared with girls who performed no vigorous physical activity (Model 1). This relationship was also significant after controlling for body image (Model 2). Only girls who performed frequent vigorous physical activity were significantly more likely to attempt suicide after controlling for stress and depression variables (Model 3).
Discussion
It was hypothesized that Korean adolescents in middle school and high school who did not engage in moderate or vigorous physical activity would be at a greater risk for suicide behaviors. However, our descriptive analysis found that more frequent moderate and vigorous physical activities were increasingly associated with suicide behaviors. Further, such associations disappeared after controlling for body image, stress, and depression in the multivariate analysis, except for the relationship between frequent physical activity and suicide attempts. No notable sex differences were present after adjusting for all other variables. Indeed, our preliminary analysis revealed a significant negative interaction effect of frequent vigorous physical activity and being boy, where frequent physical activity itself increased the risk of suicide ideation.
Our results indicate that body image had little effect on the positive relationship between physical activity and suicide ideation for either sex, which is consistent with the findings of Brown and Blanton. 16 Because they didn't control for distress in the analysis, those authors proposed that high levels of distress would be associated with high levels of physical activity independent of body image. The current findings, where body image, stress and depression are simultaneously considered, provide empirical evidence that physical activity does not influence suicidal ideation among Korean adolescents. Our results show that the risk of suicidal ideation is increased with physical activity, and adjusting for body image did not result any differences in this relationship. However, the significance of this relationship disappeared in both sexes after adjusting for depression and stress.
The role of physical activity in suicide attempts may operate in a different manner. Among boys, adjusting for body image resulted in a significant relationship between vigorous physical activity and suicide attempts. The significant odds ratios with respect to the relationship between suicide attempt and boy's regular moderate physical activity, girl's insufficient vigorous physical activity, and girl's regular vigorous physical activity were not significant when depression and stress were controlled, and these findings may be interpreted similarly to those for suicidal ideation. However, both boys and girls who engaged in frequent vigorous physical activity remained significantly more likely to attempt suicide even after adjusting for depression and stress, further suggesting that suicide attempt may operate independently of body image, stress, and depression. Raglin and Moger 30 found that excessive physical activity, such as frequent vigorous physical activity, resulted in psychological and physiological problems. Other studies have suggested that suicide attempts must be investigated as a correlate of excessive exercise. 14, 16 Certain levels of physical activity have been shown to place people at serious social, psychological, and physical risk, 31 and 5 or more days of vigorous physical activity per week may be a marker for increased the likelihood of suicide attempts, at least among Korean adolescents.
The finding that frequent vigorous physical activity in girls was significantly associated with suicide attempt after adjusting for depression and stress can be explained as below. Many societies teach girls to polarize femininity and masculinity, and this framework may classify girls who engage in vigorous physical activity as maladjusted or deviant. 32 It creates a situation in which adolescent girls should choose between a feminine image (which is sexually desirable) and performing vigorous physical activity. Such a conflict may jeopardize the feminine identity of adolescent girls and/or negate the life-long benefits of physical activity. 33 Korea is no exception in this socialization practice. As seen in Table 1 , the rate of vigorous physical activity in girls is much lower than that in boys. Because the traditional patriarchal system still remains in Korean society, such ideological constraints may limit Korean girls' opportunities for physical activity Note. All models are adjusted for grade, type of school, location of school, economic status, presence of parents, type of residence, and grade point. Note. All models are adjusted for grade, type of school, location of school, economic status, presence of parents, type of residence, and grade point.
or their willingness to engage in it. 34 Adolescent girls in Korea who perform frequent vigorous physical activity may experience a paradoxical situation that results in psychological problems that may lead to suicide attempts. This study has at least 4 limitations. First, because this study is based on cross-sectional data, the direction of a causal relationship between suicide behaviors and physical activity cannot be determined. In other words, it is possible that Korean adolescents who attempted suicide performed frequent vigorous physical activity to escape from thinking about suicide. Longitudinal research would help to clarify the direction of this relationship. Second, our data only included middle school and high school students and did not allow for those not attending school. Although the number of adolescents who do not attend school is fairly small, these adolescents may be a selective population who are at greater (or lesser) risk of suicide. Third, although some studies on this topic considered afterschool sports club participation, [15] [16] [17] this variable was not considered in the present analysis. In contrast to many Western countries, sports programs are not common in most Korean middle and high schools, as the education system encourages fierce competition among students for university entrance, and sports participation barely contributes to the university entrance. As a result, participation in sports may not have a strong effect on the relationship between physical activity and suicide behaviors among Korean adolescents. Forth, depression was measured by a simple "yes-no" response which may be a very weak measure of depression. A more sophisticated measure of depression might have clarified the accurate effect of depression on the relationship between physical activities and suicidal ideation and attempts. Despite these and other limitations, the current study, based on a large representative sample data set of Korean adolescents, provided a useful piece of empirical evidence to the existing literature 14, [16] [17] [18] that the role of physical activity on suicide behaviors was little or, if any, negative. Because stress and depression substantially affect the relationship between physical activity and suicide behaviors among Korean adolescents, the development of effective programs for reducing depression and stress in this population is imperative. Further, special care and attention should be provided to adolescents who perform excessive vigorous physical activities.
